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Cool White (lumens/Watt)
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Source: CREE

Haitz’s Law(s) for LEDs

100000 Red Flux
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Like Moore’s Law, Haitz's Law is an observation, not a law of nature.
Il says LED cosls decrease 10x every 10 years while brighilness invieases 20x.
Nate: Lumen is a unit of light output (brightness).

Source: Philips €
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LEDs: 80°-140" viewing angle
tiort) . Lo gk
S msanuseu + msmanuieu

¥ ¥ ¥
Mote: Power LEDs provide a thermal [heat)
path, typical through-hole LEDs do not
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Conversion

LED incandescent Bulb

Visible Light
R
I Heat
Al S

|
_—

[ | 1
T,~50-100°C - T~3000K
LED Light Congress | 20.02.2007 | Page 2
LED Thermal Management.ppt | Date: 20,02 2008 | 0% LED AE || HR Opto Semiconductors OSRAM

LED Can Compete With Any Light Source

_ ===
Incandescent 17 10-17 3k 100
Halogen 20 12-20 10k 100
T12 fluorescent 60 40-50 20k 62-85
Metal halide 65-70 35-40 10k-20k 60-90
Lighting-Class LED (Warm White) 80 55-65 50k+ 80-85
T8 fluorescent 85-90 65-70 20-30k 78-85
High-pressure sodium 95-110 55-65 24k 22
Low-pressure sodium 120-140 65-75 16k <5
T5 fluorescent 90 70-75 30k 85
Lighting-Class LED (Cool White) 105 70-80 50k+ 75

* Typicai expected performance in reai-iife appiications. Based on mean lumens, and inciuding
ballast/driver, thermal equilibrium and typical fixture Coefficient of Utilization losses.

CREE®

Copyright & 2009 Cree, Inc. pg-8
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Uszansmwves LED lulaalWl LED

160 LPW System De-rating RTY ~ 25%
160 130-150
500K |
120 - JUCH LPW 90-
= 8-10% 10-15% 10-15%
E 135 100 lozs Lozs Loss
= 100 l 8 | System
—
a & 2 LPW
o ]
=
L
60 -
5 100
40 75
20 -~
0
LED Lab Commercially Thermal Opticol Diriver Delivered
Availoble | FI Deratina Fificiency Ffficiency 1LPW
Source: GE

aaulsmalnih, megamigh naz Taqranszoenas
NwanaUSanamasvesszuy LED

dszansmwnvesszuvy LED =
dszansmwves LED X dsz@nsammannudoun X dszansmwn veam
pszanauae X Uszansammves Driver
feed
LED wszanEaw 100 gauu dle e
Uszansmmmaennndeu 92 % (Thermal Degradation )
fnszaaues Uszansam 90 %0
Driver dszangawm 90 %0

fariu UszanEmmaesszuy LED =

100x0.92x0.90 x 0.90 = 75 guuasina
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Lumen Ratings from LED vs. LED Lighting Fixture

Lumens 120
Ratings 10 18
vs. In- §
Fixture

BREEEEEBEEREEGEE

Rated lumens are measured under controlled thermal
conditions (256C Junction temperature)... In-fixture lumens
are reduced due to higher junction temperatures.

Figure 13: LED Lumen ratings verses in fixture rating estimates

Source: LED Magazine

dadsmalih, megamigd, nazYaguienszoe
uare daudiwaneInamasvesszuy LED

UTnagun szansam

Noanu 9352101 LEQ
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Optimizing Integration for Luminaire
Design and Applications

Thermal
Management
Optical
Control

LED CHIP
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Package
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LUMINOUS INTENSITY

|D=30mm —
- OO
D=10mm .

Source: LED Magazine
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Thermal conductivity
cast vs. extruded aluminum alloys

Thermal conductivities; =

Extruded alloy 6063: 200 -215 W/mK

Cast alloys: 120-140 W/mK

Thermal conductivities

200

thermal conduotivity, WK

3

purealuminium axtrude Al-alloys castAl-alloys
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» Passive Cooling System: Heat Sink
» Active Cooling System: iaau, Copper Heat Pipe, Synthetic Jet

5270 Lux, 22 WimK LTI

4750 Lux, 1.1 WimK MP 1310 Lux, 0.2 WimK FR4

Light Qutput of Die on Different Dielectric Materials

at Delta T, =28 C

Tassasves LED avn

BROAD RANGE

PHOSPHOR

\

Blue + Yellow = “White”

o0 [ Car]

InGaN LED

-

8

YAG phosphor

Relative Spectral Power (%)
-] &

)

&

450 0 550 \ 0 50 ™ 750
Wuvulnnmw "
/ENAIEE .
SUBSTRATE From From

LED phosphor

Source: OSRAM
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Blue LED (or UV) + Phosphor = White

® - LED dv1 Taemlilazalsznoudae LED
#iudu uaz Topping @2e Phosphor &
Mo
= - mswin Phosphor @mdesagsinli 18
gangidlime Warm White &1ld
Phosphor dmasaiautios fazld &
Cool White ugavzeanuiniu
' ) ' A
L i/ A A " - gesnuwsiaeudiez lde anwenaau
A Tuge@ Warm daiu nszuiumsn
Phosphor # liasiau wunli, Yool wie
Blue LED 4 . awa ,
Aunmves Phosphor resnaziildinans b

Asfivesd  Warm White 14

msfa BIN ves LED

Wavelength bins, 2.5-20 nm wide

N

Vi bins, .20 -.50 mv wide
TFull Distribution
Color

Flux Flux bins: 30% + ranges

VT
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msna Bin wes LED ( color bin)

aa o < P = 1A d’l a A
i ?I"Vli]%ﬁ\?!ﬂiﬂl‘l’iullﬂﬁ'limq@]’ﬂllﬂ’ﬂiJlWEluﬂl’éNﬁ o

& warmwhite

IAI

0.47
0.45
043
0.41
0.39
0.37
0.35
0.33
0.31
0.29

027

0.25

0725 027 029 031 033 035 037 039 041 043 045 047 049

= Y a
“MIMmIUguMUMNaVRILaIazHNantviaen LED

W CL-L251-MC4L1 (3045K) Actual test result of color variance

040 - T T —r Y

0415

0420

0415
0410

QUG [=mmmnhmmmm e frofon -
:

0400

0335

0350

0385

0380

0375

0410 DA 0420 0425 0430 D435 0440 0445 0450 0455 0460

& CITIZEN ELECTRONICS CO.LTD.

-~ Energy Star

3045K +/- 175K (7TSDCM)
. <S]

_|—3045K +/- S0K (2SDCM)

& Note
The tolerance of measurement at our tester is
VFE3% _fvt 10% . Chromaticity(x.v) £ 0.01
L e—

22/03/54
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MIMUANRUMNaVRaIazHNantiaan LED

2 step MacAdam ellipse 3st €p MacAdam ellipse

Sstep MacAdam eliipse 7step MacAdam ellipse

l,.. . .

-

Source: CITIZEN

m3na Bin ves LED
(Forward Voltage Bin)

1 Y
o fnaluningiiliiong LED duas vinlimsesnuuy

=
1995 liane
V¢ Bins
Minimum Forward Voltage Maximum Forward Voltage
Bin Code ™ W)
A 2.31 2.55
B 2.85 279
G 2.79 3.03
D 3.03 3.27
E 3.27 3.51
F 3.51 3.75
G 3.75 3.99

22/03/54

15



msna Bin wes LED ( Flux Bin)

=) tﬂ' a d' ) ! v
i lJNﬁlulﬁfNGU’EN‘]JﬁMTmLLﬁﬁﬂﬂﬂﬂﬂJquth'lﬂu

Flux Bins - All Colors (except Royel-Blus)

Minimum Photomatric Flux Maximum Photometric Flux
Bin Code (m) im)
A 82 0.7
B 10.7 13.9
G 1349 18.1
] 1641 £0.5
E 235 30
F 30 40
G 40 50
1l a0 [El4)
J GO 0
K 70 80
L 80 80
M Q0 “00
M 100 “20
P 120 40
Q 140 “60
n 180 80
S 180 200
T 200 220
U 220 240
W 240 260
W 260 280
S 280 300

wavesgaugineguantiaves LED

e gangigayu Wavelength azenau

cavity mode(at 20°C): 84%am.  &58nm

! ! 1
4 T
s 20°0
\ - == 40°C
SNy R, ——60C

EL intensity {arb.u.)

SRR — L i L
840 650 G50 670
wavelangth (nm)

—k for 648 nm (at 20C) LED is 0.12 nmfC
—k for 658 nm (at 20C) LED is 0.05 nmic.

hamiisant waselometh shingum

Red
A= 0Grean

Blue, Royal Blue 7

Fumction Temperaturel )

Source: Seoul Semiconductor P4 datashest

26 50 s 100 125 1£3
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1.75

1.50

1.25

1.00

0.78

050

Relative Luminous Flux OQutput

0.25

0.00

==Red Photometric

D

Amber Photometric

——Red-Orange Photometric

e~

\\

-20 0 20

40 60 &0

Thermal Pad Temperature °C

100

NAYDIYMHIN

Q

aenaanvaves LED

] 4 9
o gaungiigiu e1gms ldanuves LED sgduas

LEDway™ 350 mA Lumen Maintenance Prediction vs. Ambient Temperature

100

70

7

\

% Relative Luminous Flux
3

Ambient Temperature “C

3
8
8

0

0 -10 -20

10,000

50,000 100,000 200,000

Time (Hours) »

1,000,000
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wavasgurigisenaaniaves LED

nnminaasu LED aniilan 2 yavwna@eadu Tasdunaeu LED 7 vuia 26

W. uag 12 W. Tuannziaienu as Open Air, Semi-ventilated and
Enclosed

120%

%
g
&=

B0%
60%
40%
20%

Relative flux (%)

Sample 26 W LED Downlight

(13

19
T
87 10

360
300
240
180
120
60

Board temp. (°C)

Open air Semi-ventilated Enclosed
M Relative flux M Board temperature

120%

Sample 12 W LED Downlight

= 100%

Relative flux (%

360

Open air Semi-ventilated Enclosed
M Relative flux M Board temperature

Board temp. (°C)

wavasgurigisenaaniaves LED

nnminaasu LED aiilan 2 yavwna@eadu Tavdunaeu LED 7 vuia 26

W. uag 12 W. luannziaienu as Open Air, Semi-ventilated and

Enclosed
Sample 26 W LED Downlight Sample 12 W LED Downlight
= 10% r = 10%
& 105% & 105%
s 100% ,._ T 3 100% F
o Sl (e ° i, 51 e
= 95% R = 95% =
g’ 90% :‘“ g’ 90%
> 85% TR > 85%
2 80% - ~ 2 80%
T 5% . T 5%
] £z 7]
E o Na E o
100 1000 10000 100 1000 10000
Time (hrs) Time (hrs)
+ Enclosed ® Semi-ventilated + Open air + Enclosed = Semi-ventilated + Open air

22/03/54
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wavasgurigisenaaniaves LED

nnminaasu LED aniilan 2 yavwna@eadu Tasdunaeu LED 7 vuia 26

W. uag 12 W. luannziaienu as Open Air, Semi-ventilated and
Enclosed

Hoegll

1 9 [ 1
1. o LED waeq ifiauninauu PCB wuiidng deesziases mszane

ANNTDUIALD

v
o 9

2.  JoyaamuadmiSmandaazergms1dau ime Supplier wienl3

9 :" Y a Y a A ]
1% 11U d19049 fl]']ﬂﬁﬂ']Wﬂ'ﬁﬁl“]N']ui]iQ"‘] Wﬁﬂllll

(open air , Semi-ventilated w3» Enclosed )

Large Gap between LED manufacturers
and Lighting Industry

- T—
<LED manufacturer> [ ! o e
+ LEDs measured in o | P
production. I = L T

+ LEDs are measured

with short pulses. Nor W Py
+ LEDs are binned and F\< %

rated at Tj=25°C.

/ <Lighting industry>
* LEDs in luminaires are hot
(7;= 60 °C to over 100°C)

+ Photometric measurements
in steady DC mode.

Performance of LEDs = Performance of SSL products

(Luminous Intensity, Luminous Flux, Wavelength, Colour Coordinates,

Forward Voltage, Reliability) Source: NIST

22/03/54
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szinsanufeulvinuszuvlanln LED
gamgiinJunctiondesligununii

“ Maximum Junction Temperature ”
mvesqamaiiin LED Junction aziweiy

- NIz vazusaauiione
a Y
- gugi nsldnulagseu

- msszennuieuves LED eangeima

o U -
MIMUINKA T)

Tj = Tsp+ ( Rthj-sp * V* If)

BROW. i - Tsp = Solder Pad Temperature
Vf = Forward Voltage |f = Forward Current
Figure 3: Thermal Resis- Rth j-sp = The Thermal Resistance of Junction to
tance Model for an LED
Solder Pad

[Measuring Point] A
o - NS6W/L083A, NS6L0B3A-H1

Ts Point Timax 120 C
Rthj-s 5 °C/W
- Rthj-s1 10 °C/W

Absolute Maximum Rating (Ta=25

[gmax 350 A
Cathods Bark [Fpmax o o
Unit: mm V;max 4.4 Y;

Topr | -30~85 °c
Tstg | -40~100 c

Tsl Point Tolerance :£10.2

Source: NICHIA
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LED Thermal System Configuration

Solder o T
. / S I unction
BondWire Ky
Moldng & d /
Laacs ¢ Aﬁa\m | / oy oo ’ Rinss Compenent
|
—— Solder Pads S
Dielectric / L —— . P ) | TS-)\der Point
s Riss Substrate
"""" ’ Technology
ST TEboard
Aluminium Plate e -
"""" Riga Cooling
System
’ Tambient

Heat Sink o

Thermal System Configuration Thermal Resistor Network

Optoa Semiconductors OSRAM

LEDs — Beginning to Present

Luminus Phiatiight

Advanced =
Power Package Lmaial
- Power Package
Extended Pins ;W
] E
z + ‘
o
o
5
- B
2
5
o
a
= P Rip~125°C/W
0.35W
?2}3\20“(: w Rip = Resistance Junction to Pin or Slug ~ CNIP 0N BOAId  Sowrcs: Elecirorics Gosing
rr :
Pre-1996 1996 1998 1999 2005 2009

= |nitial low power LEDs did not require thermal management
= New power packages >10W and as high as 50 W

Source: CREE
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Thermal Resistances of OSRAM LEDs

300

250

200

100

100

Thermal Resistance R, o [KW-']

50

230 Kw !
180 KW-1
AN KW~
9 Kw-! 4 KW
LW T6SG LW EESG LW GESP LW W5SG LEW E3A
EY FFY Y /e sl
B B B B Read

Opto Semicenductors OSRAM

@21 LED 109 0100z iy aunav

sudau Electronics au

%

o mstloanudynasunIunsge

@ Y
® NAANITTUVIIANNIOU

etc.

Lens aanin lid

v

A o

annml¥iszuu LED 1@e
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Yauuzihavsumstaenlvauszuy LED

9 Ao .

Glflf.L.ED nliquamgs (CREE., Lumileds, Luminaire Design
Nichia, OSRAM, SeoulSemi) !
- A - 9 9 Good Bad
imsnadeuluietwet gungil neld aa1znisly
uase (Thermal Design) A
= a A odaqud 4 4 w
fimsoanuuuNIDannsatiadna 1FuaIui = g Excellent [ BAD
aoandes (Electrical Design) g
MHaudniedazfounmentinaunm Wmsnsznouas | S

N . . &
awisuald (Optical Design) 3 BAD BAD

Results

Source: CREE

Jymgammvedlanl LED : @enly LED pamwlsia

LED Puck
84.1% Drop

16.5” Linear
97.8% Drop

227 Linear
96.9% Drop

Source: CREE
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Tympammveslanlvl LED : gaumnwves Drivernse msszuenauonilia

Driver e

L4
# LED nlagunieanin
Y =
msszmeannienlin

Source: CREE

tayripamwueslaal LED : msiaenld visefnna LENS 'l
gneng

Source: CREE
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tyripamwnveslanlvl LED [ anuainanovosgamgiiad

Source: CREE

yinvesndonlasnlynuvasa LED

e Constant Current wu 350mA , 700 MmA lusiu

o udfautladlinss vie andis Power Supply vie Constant Voltage
wu 12 Vdc |, 24 Vdc dlugu

o yifaudaslnadu
- nifaudasunundn 12Vac
- wiaulasBnansaiind 12 VdC

22/03/54
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mataenldviaeudaslitvanzannuviasn LED

1.gdlantW LED 4nuuyluu
- Constant Current 350 mA, 700 mA
- Constant Voltage 12 VDC , 24 VDC
- ndfaudaslnadu 12 VAC

2. prwainasindaaadaulas Wunndidndaesiauiininngn

3. g4 Indoor vize Outdoor

4. Wisz5aFes Voltage drop

fynaaruannisus LED

e drypnu 0-10 V DC anldiu General Light
o dryyrns DMX sinldiu Tal LED waend

* gyoyane DAL snldiu General Light
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sinvumdasam LED swisulvdesadins

LED packages Complete SSL products
(high power) Integrated LED lamps N

(low power)

~ .
& &

/" LED arrays [ modules X

‘0 "’. ; Jjﬁ' e
FS = | i

\qﬁf\/ )
.
LED light engines I’ W
R o5
b SR i \_
wanfaal LED dwmSuduanlnali LED wansiat LED dwsudldamiialy
Source: NIST

/LED luminaires

%

LED Lighting Application

* Replacement Lamp

- gzadn ldg ennsaunurasam 1
- Tagia I lieninsa e 18y

Capacity vpaiin LED

JCLED1W MR16 LED3W MR16 LED5W v o2
- mm'fluPower LED U9 1108 mu"lﬂ

< a N o
UAYNUNA AITN Heat Sink Wudlsee

- Consumer Products & Cost Expectations

GX53 LED5W PAR30 LED 10 W PAR38 LED 15 W 9 , A
-aeamsa CRI ngq

- Taona'l1) dosmsgungid warm white

_a‘Z

Fluorescent LED 18 W, 24 W QRI111LED 10W
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Payback Period Analysis of MR16 LED

Description Halogen MR16 20 W LED MR16 5 W
Lifetime (Hours) 2,000 50,000
L.amp Power Corsumption (Watts) 20 5
Daily Electricity Consumption (Unit) 0.24 0.06
Annual Electricity Consumption (Unit) 87.60 21.90
Annual Electricity Charge (Baht) 265 66
Annual Electricity Saving (Baht) 199
Investment (Baht) 50 500
Annual Maintenance Expense (Baht) 100
Payoack Pericd (Year) 1.76

Note: 12 hours daily operated, Electricity Charge 3.03 Baht per unit

LED Lighting Application

* Downlight

46 falaudludszinennudou
v a M
- dealasunialay

- ansadunszua ldheuvi Capacity Vo4
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LED Lighting Application

LIGHTING & EQUIPMENT rsuc cousany umeo

LED Lighting Application
« Accent &Track light
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LED Lighting Application

TK PARK

LIGHTING & EQUIPMENT nauc coner unmo

LED Lighting Application
«Built-in Furniture & Retail Display

il
= e — g jl
. / - i
Y /
-y ;
-

Y i}-‘(-
SLX1300 LED SLB615 LED Strip 5W
Strip 7w or 14 W GX53 LED5W

SCS236, RGB 36 x 1W MR16 LED5W
SCL31 LED 3 x 3W
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LED Lighting Application
* Furniture Application
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LED Lighting Application

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application
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Project : Central Bangna
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LED Lighting Application

Project : Khun Laung Jewellery

LIGHTING & EQUIPMENT nauc coner unmo
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LED Lighting Application

SLB615

LIGHTING & EQUIPMENT ruauc courany o

LED Lighting Application

SLB615

LIGHTING & EQUIPMENT ruauc courany o
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LED Lighting Application
*Retail Display

High-end retail (e.g., designer lebel branded stores)

“High-tech” look; interesting effects; design flexibility,
“Catching the Eyes”

LIGHTING & EQUIPMENT rsuc cousany umeo

LED Lighting Application
o quy, griiulyidum
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LED Lighting Application

Yy 1V Yg ia Y
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Linear Fluorescent vs. White

LED Relative Efficiency

100%

s0% *

60% /

Relative /
Efficiency 499,

20%

=— Fluorescent

—LED

0% T T T T

0 10 20 30 40 50 60 70 80 90
Ambient Temperature, Deg. F
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LED Lighting Application
* Refrigerated Display Lighting System

Linear «
directional
source

High flux
diffused +
source

Fluorescent -
lamp

LED fixture unit
inside the refrigerator
Figure 5: Arrangement of the LED fixture

Figure 3: Refigerated display cases with florescent lighting on the left and LED lighting on the right.

Source: OSRAM

LED Lighting Application
 Cove Light o

A Al

* Cove light dluituinernunmadila

-‘-‘::$ 111595011
; e :
o 3 - .
p _ g 9 @ o
f:} & et e e fianudeamaizeatssndandeay

v A '
* d04MIIT0IMIANIAY
- Dynamic ambience
SLL1092 SCL150 - vunsdideamsgumgiduanaian

AW

v ia o
LAIANINTTIUNNM

* msldanuCove light 1adideamsgiuun
@ @ : » IdwmSeszeeili Standard
£ 4 O e liiflgwiFesnnuieu
SCX1300 et /
: =
Q ; 5 Rope Light LED
e SCS236, RGB 36 x 1W

22/03/54

36



Payback Period Analysis of Striplight LED

Description Xenon Striplight LED SLL1092
Lifetime (Hours) 20,000 5C,000
Lamo Power Consumplion (Wat:s) 65 13
Daily Electricity Consumption (Unit) 0.78 0.156
Annual Electricity Consumption (Unit) 284.70 56.94
Annual Electricity Charge (Bah:) 863 173
Annual Electricity Saving (Baht) 690
Investment (Baht) 1,300 1,900
Annual Maintenance Expense (Baht)
Payback Perind (Year) (.87

Note: 12 hours daily operated, Electricity Charge 3.03 Baht per unit

LED Lighting Application

SLL1092

Intercontinental Hotel

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application

SCL150

River City Hotel

LED Lighting Application

SCL150

Project : Gem Collection

LIGHTING & EQUIPMENT ruauc courany o
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LED Lighting Application

SCL150

Project : Wannasorn Building

LIGHTING & EQUIPMENT suauc comsaes sareo

LED Lighting Application

SCL150

Project : Pullman Hotel Ballroom

LIGHTING & EQUIPMENT suauc comsaes sareo
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LED Lighting Application

SCL150

Project : Museum of Jim Thompson

LIGHTING & EQUIPMENT nauc coner unmo

LED Lighting Application

SCL150

Project : Grand Ball Room, Landmark Hotel

LIGHTING & EQUIPMENT nauc coner unmo
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LED Lighting Application

Voice Station Broadcasting

LIGHTING & EQUIPMENT rsuc cousany umeo

LED Lighting Application

* Table Lamp
. ‘AI-T'I
SLR206 6W ' Y S Y
C o Feamsuaai lifianwieu

\ SLR303 5W . | * szndandanu
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SLW403
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LED Lighting Application
naadll v thelwlawan
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LED Lighting Application

SLB615

Project :Central Department Store

LIGHTING & EQUIPMENT suauc comsaes sareo
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LED Lighting Application

" T5 Fluorescent 320 W

Project : King Power Suwannabhumi

LIGHTING & EQUIPMENT rsuc cousany umeo

LED Lighting Application

Wang Lee Building

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application

LIGHTING & EQUIPMENT ruauc courany o

LED Lighting for Exterior Application
* FACADE & Landscape

= | ED wisnnznun1sanuaeln Facade
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LED Lighting Application

3 &\
P,
',
SLL1092
LIGHTING & EQUIPMENT rsuc cousany umeo
LED Lighting Application
""""" p %
______ <
= . -
ENCO Building

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application

=d

SCF236

Project : The RAMA IV Bridge

LIGHTING & EQUIPMENT rsuc cousany umeo

LED Lighting Application

SCS336

QUEZON SHRINE MEMORIAL

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application

SCS336

EATON CENTRIS WALKWAY

LIGHTING & EQUIPMENT rsuc cousany umeo

LED Lighting Application

SCU309 SCX1300

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application
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LED Lighting Application

SCS436

Chartium Riverside

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application

SLw101 SLW 403

-

Kempinski Hotel

LIGHTING & EQUIPMENT rsuc cousany umeo

LED Lighting Application

SLG309

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application

SCW145

LIGHTING & EQUIPMENT rsuc cousany umeo

LED Lighting Application
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LED Lighting Application

Central Khonkaen

SCF236

LIGHTING & EQUIPMENT rsuc cousany umeo

LED Lighting Application

Central World

22/03/54
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LEDs light inside and outside of Asian
Games

Seoul Semiconductor lights Asian Games stage

OSRAM LEDs provide architectural lighting

Source: LED Magazine

LED Lighting for Exterior Application

+ Area Lighting & Street Lighting

140 W LED streetlight
penetrated into contemporary
250 W HPS streetlight in
Toronto, Canada

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application
* Area Lighting & Street Lighting

Tunnel Application: Approximately 27.6 m long, 7.6 m wide

Racine, WI

—_— —

53% Energy Savings

2x improvement in uniformity

CGourntesy of Batal ED

140W LED vs. 300W HPS Comparison

Source: CREE

22/03/54
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Los Angeles Project

* Plan to retrofit 140,000 LED street
lights

* Already installed more than

20,000 LED street lights

* Expect to save $10 M annually
($7.5 M from energy and $2.5 M
from maintenance)

* 40% Energy Savings
* “Carpeted Effect”

Source: LED Magazine

Comparioson Table LED & HPS Streetlight

Description

LED Streetlight 150 W

HPS Streetlight 250 W

Power Consumption

165 W

285 W

Heat/Waste Energy

Radiate heat through base only

Disperses heat and waste energy

Photometric Performance

Good. Designed to focus light

Bad. Emits lightin all direction

Optical Efficiency High Low
Average Life Span 50,000 Hours 24,000 Hours
End of Life Span Dims over time Burns out
Start up Speed Instantly, full brightness within seconds Full brightness after fully warm up
Good. CRI > 75 Bad. CRI <50
Color Rendering Index (The color of object is Fresh, Veritable and (The color of object is quite Boring)
Comfortable

Color Temperature

Ideal Color Temperature (Feel Safe)

Quite Low (Yellow or Amber, Uncomfortable)

Light Pollution

No, designed to focus light to working plane

Yes, emits lightin all direction

Light Heating

Cold light

Heat comes with light

Durability

Very durable, difficult to damage

Fragile, Glass/Filament break easily

Environmental Friendly

"Green" Light Source

Contains Toxic Materials (Mercury)

Maintenance Cost

Quite Low

Quite High

LIGHTING & EQUIPMENT rsuc cousany umeo
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LED Lighting Application
* Area Lighting & Street Lighting

» LEDs to maximize system efficiency

FIGURE A

150W HFS
100k W
a— U]
*

40% Utilization Efficiency

LLIECINE K2
White 50k /W
iy
>

BO% Utilization Efficiency

C——— ]

Lighting efficiency 40 Im/W

Lighting efficiency 40 Im/W

Source: Phillips

LED Lighting Application
* Area Lighting & Street Lighting

* Reduced Maintenance and Service Costs

FIGURE B

-

LLWECH ™ basad sy slem

Traditienal lighting spslem

Source: Phillips
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* Area Lighting & Street Lighting

* Improve Uniformity

Average: 3.5 @"
Maximum; 9.0

Minimu @

Max : Min: 10.0

LED Lighting Application

Metal halide vs LED in parking lot

Maximum:
Minimum
Max : Min: 4.3

Average: 2.8 @ED

Light Pollution & Nocturnal Insects

L o
) . Spectral sensitivity of Spectral sensitivity
Nocturnal insects pollution

nocturnal insects of human

Apphication Design Center Shanghai | Street bghting | GK
December 2007 Page. 32

Opto Semiconductors DS RAM

22/03/54
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LED Streetlight HPS Streetlight
High CRI, White Light, Clear, Low CRI, Yellow Light, Unclear,
Safe and Comfortable Unsafe, Boring

LIGHTING & EQUIPMENT rusuc conpany wmeo

The effect of the Mesopic Vision on a Street Lighting
example - LED vs. HPS

Street with HPS luminaire Street with LED solution

HPS lamp cause much glare z Green trees under LED
lamp with high CRI

Eav=33Ix, Uo=0.45, Ti=8,L DP=1.26 wim2

i M EC ‘I ' 1]| stons | Alexander Wi Opto Semiconductors OSRA
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SIGNEX LED Street Light
STL Series
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STL60
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LIGHTING & EQUIPMENT rauc coeany o

Street inclusive
carriageway

Module beam pattern

Golden DRAGON® with integrated Oval ARGUS® lens

efficient as
possible!

Use the light as

!

2600 m

o0

0.00
Application Design Center Shangnal | street ignung | sr
December 2007 Page: 15

VPO Qemicenuucians

40.00 m
LA IAY o T hd ]

Sour
SOt

ca- OSRAM
Ce-

AR AL
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OPTICAL DESIGN & PHOTOMETRIC TEST

Module Thermal Analysis

= Tb <65 °C when Tair =30 C

59



THERMAL TEST

LIGHTING & EQUIPMENT rusuc conrany wamo

THERMAL TEST

LIGHTING & EQUIPMENT rusuc conrany wamo
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Current Status of Standardization Activities

LED chips/ packages

(low power)

CIE 127:200
CIE TC2-46

IES LM-80

IES TM-21

(high power)
Lumen maintenance

IESNA new project
CIE TC2-63,

/SSL products \

(Integrated LED lamps &
LED luminaires)

IES LM-79 Photometric meas.

ANSI C78.377 Chromaticity

64 CIE TC1-69 Color rendering

LED arrays / modules
CIE TC2-50 LED

clusters and arrays

IEC xx (performance of self-
\Jal'asled LED lamps) _/

Safety UL 8750
CIE TC2-58 radiance/luminance

Several projects in IEC TC34A

LED light engines
(ASSIST Recommends ..)
IESNA new project

IES RP-16 addendum a

Definitions (terminology)
IEC TS 62504

Optical Technology Division

NIST

Addendum to ANSI/IESNA RP-16-05

ANSI/IESNA RP-16-05
Addendum a

Nomenclature
and
Definitions

Published in May 2008

Addendum a to ANSI/IESNA RP-16-05
(under continuous maintenance)

6.8 Light Emitting Diode
6.8.1 LED die

6.8.2 LEDBin

6.8.3 Power source
6.8.3.1 Power supply

6.8.4 LED control circuitry
6.8.4.1 LED driver

6.8.4.2 LED driver, Class Il
6.8.5 LED iuminaire
6.8.5.1 LED package
6.8.5.2 LED array

6.8.5.3 LED module

6.8.5.4 LED lamp, non-integrated

COLEE]IERN lamam imbameadaa
V.OLJ.J LW dAlllp, Hieyiaitcu
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LED packages Complete SSL products
(low power)) ((high power) Integrated LED lamps N
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Source: NIST
Published, May 2008
@ Illuminating

ENGINEERING SOCIETY

Approved Method: Electrical and
Photometric Measurments
of Solid-State Lighting
Products

F

Prepared by the Subcommittee on Solid-State Lighting of the IES Testing Procedures Committee

Solid-State Lighting Subcommittee

Kevin Dowling, Chair
| Yoshi Ohno, Technicai Coordinaior

Optical Technology Division NST 5

22/03/54

62



IESNA LM-79 Approved Method for Electrical and
Photometric Measurement of SSL Products

® Covers LED luminaires and integrated LED lamps.

® Covers measurements of (s
il

R
+ Total luminous flux (lumen) Il'!( A\
« Luminous efficacy (Im/W) -

» Chromaticity, CCT, CRI (4 r integrated)

« Angular intensity distributions

® Methods using
* Sphere-spectroradiometer e

* Sphere-photometer AV
* Goniophotometer -

L)

-
L

Optical Technology Division

NIST

Measurement Standards & Procedures for

Traditional Lighting (luminous flux)

* Luminaire efficacy: characterised in terms of lamp
ratings and fixture efficiency

* Lamp rating (in lumens for luminous flux) — how much
light the lamp will produce @standard ambient
temperature 25 °C - reference standards and test
procedures well established

» Fixture cfficicncy — proportion of rated lamp lumens
actually emitted by the fixture in 9, useful for fixtures
with interchangeable lamps - well documented and
understood

Source: National Metrology Centré

Incandescent

¥

Fluorescent

15 Im/W

v 90 m/W

22/03/54
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S, Department of Energy

Energy Efficiency and Renewable Energy

Photometry

+ Relative testing

— Lamps of interest and luminaire (with reference lamp)
are measured separately. Then the actual light
distribution and intensity of the complete luminaire of
interest is derived by normalization of the test data

* Absolute testing

— The actual light distribution and intensity of the
luminaire of interest is measured directly from the
complete luminaire

Why new standards for LED/SSLs ?

» No standard procedures for rating luminous flux of LED devices
+ Data on luminous flux/color of LEDs given in manufacturer’s datasheets
are typically measured under a short pulse (< 1 S) applied to the LED
chips @ T, neron = 25 °C at manufacturing stage to avoid damaging
chips w/o heat sink
* Large impact of luminaire design on the performance of the LEDs
— Efficiency of LEDs is very sensitive to heat and optical design
— Light output and life of LEDs requires careful thermal management
— Fixture housing is used also as a heat sink or part of the heat removal design
— making it difficult to compare LEDs to other types of lighting

+ The amount of light emitted by a fixture cannot be predicated reliably
based on available information on LED devices

+ Conclusion: Luminous flux/efficacy must be measured at luminaire level

Source: National Metrology Centré
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Approved Method: Measuring Lumen
Maintenance of LED
Light Sources

Prepared by the Subcommittee on Solid-State Lighting of the IES Testing Procedures Committee

Solid-State Lighting Subcommittee

Kevin Dowling, Chair

Optical Technology Division ler 16
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IES LM-80-08 Approved Method for Measuring
Lumen Maintenance of LED Light Sources

Scope Does not cover measurement|
p f luminaires.

.... This document provides the methods of the measurement of lumen
maintenance of sources including LED packages, arrays and modules_
only. ... This approved method does not provide guidance or make any
recommendation regarding predictive estimations or extrapolation.

o'y ﬁ \E U s TM-21-xx

o

Lumen Maintenance Life:
L;g (hours): 70% lumen maintenance
Lz, (hours): 50% lumen maintenance

Testing at the LED case temperatures
55°C, 85°C, and a 3rd temperature
selected by manufacturer, for 0 to 6000 h
or longer. Ambient temperature within -
5°C from the case temperature.

Optical Technology Division I\IISI' 17

.
CIAIEN
ol Sl W R
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